A LEVEL-ADJUSTING APPARATUS FOR AN 
ATTACHMENT DEVICE 

FIELD OF THE INVENTION 

[001] This invention relates to a level-adjusting apparatus for an attachment 

device, and more particularly, to an apparatus that adjusts the space from a work 
panel to a suction cup so that the connection between them is accomplished securely 
regardless of a shape of the work panel. 

BACKGROUND OF THE INVENTION 

[002] Generally, a factory automation system for a press is provided with 

an attachment device that is attached to machines so as to grip and transfer a work 
panel betweens processes. 

[003] A conventional attachment device typically coniprises a suction cup 

gripping a work panel; a sub frame for adjusting the horizontal position of the 
suction cup; and a vertical shaft assembly interposed between the suction cup and 
the sub frame. 

[004] The vertical shaft assembly typically comprises a connecting element 

attached to the sub frame supporting a vertical shaft that is spring biased and to 
which the suction cup is attached. 

[005] Generally, the connecting element of the attachnient is fixed to the 

sub frame by welding, and the vertical shaft is fixed between first and second 
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supporting elements so that the horizontal and vertical position of the suction cup 
cannot be adjusted. Accordingly, the attachment device must be specially designed 
in accordance with the shape of each different work panel, 

SUMMARY OF THE INVENTION 

[006] An embodiment of the present invention comprises a level-adjusting 

apparatus for an attachment device, comprising a support member attached to a sub 
frame that is movable horizontally; a cylinder assembly mounted on one side of the 
fixed frame having a suction cup on its lower end; a flexible screw shaft passing 
through the cylinder assembly so as to be connected to the suction cup; and an 
actuator driving the flexible screw so as to adjust the vertical position of the suction 
cup that is connected to the flexible screw shaft. 

[007] The support member is preferably provided with a guiding pipe 

thereon so that the flexible screw shaft is guided. 

[008] The end of the guiding pipe is preferably configured to curve to an 

angle of 90 degrees with respect to the suction cup end of the screw shaft so as to 
prevent it from interfering with the sub frame. 

[009] The cylinder assembly comprises a plurality pf nesting cylinders that 

are each provided with an upper stopper protruding outward of the cylinder and a 
lower stopper protruding inward of the cylinder. Accordingly, a cylinder with a 
smaller diameter fits snugly into a cylinder with a larger diameter so that the 
cylinders can move within a limited range. 
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[0010] Preferably, the actuator can be a motor. 

[001 1] Preferably, a power transfer element, which is interposed between the 

motor and the screw shaft, comprises a driving gear connected to the output shaft of 
the motor, and a driven gear outwardly meshed with the driving gear and inwardly 
meshed with the flexible screw shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Fig. 1 is a perspective view of an attachment according to an 

embodiment of this invention; 

[0013] Fig. 2A is a fragmentary plan view of a sub frame; 

[0014] Fig. 2B is a fragmentary side view of Fig. 2 A; 

[0015] Fig. 3 is a vertical sectional view of a level-adjusting apparatus of the 

attachment in Fig. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] Preferred embodiments of the present invention will hereinafter be 

described in detail with reference to the accompanying drawings. 
[0017] As shown in Fig. 1, an attachment device according to an 

embodiment of the present invention for transporting a work panel (not shown) 
comprises a sub frame 21 ; a suction cup 23 gripping the work panel; and a level- 
adjusting apparatus 25 interposed between the sub frame 21 and the suction cup 23 
for adjusting the vertical position of the suction cup 23. 
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[0018] The sub frame 21 is configured to adjust the horizontal position of the 

suction cup 23 on an X-Y plane. The sub frame 21 comprises a plurality of driving 
parts 43; a plurality of guide shafts 27; and a plurality of screw shafts 29 driven by 
the driving part 43. 

[0019] As shown in Fig. 2 A and Fig. 2B, a motor provided in each driving 

part 43 drives a worm gear 33, 35 by which a driving pulley 37 is driven. 
Accordingly, a driven pulley 41 is driven by the driving pulley 37 with a belt 40. 
[0019] As the driven pulley 41 rotates the screw shaft 29, the driving part 43 

moves along the guide shaft 27. Accordingly, the level-adjusting apparatus 25 
coimected to the driving part 43 and the suction cup 23 connected to the level- 
adjusting apparatus 25 can move on the X-Y plane. 

[0020] Furthermore, the level-adjusting apparatus 25 adjusts the vertical 

position of the suction cup 23 fixed thereon in the Z axis direction so that the suction 
cup 23 can grip the work panel with acciiracy. 

[0021] As shown in Fig. 3, the level-adjusting apparatus 25 for an 

attachment comprises a support member 45; a cylinder assembly 47; a flexible screw 
shaft 49; a driving gear 5 1 ; a driven gear 53; and an actuator 55. The support 
member 45 is attached to the driving part 43 of the sub frame 2 1 . The cylinder 
assenibly 47, which is configured to be extendable and contractible, is mounted on 
the lower part of the support member 45. The suction cup 23 connected to the 
flexible shaft 49 is moimted on the lower part of the cylinder assembly 47. 
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[0022] The eylinder assembly 47 comprises a plurality of nesting cylinders 

61, 63, 65, and 67 that are each provided with an upper stopper protruding outward 
of the cylinders 61, 63, 65, and 67 and a lower stopper protruding inward of the 
cylinder 61, 63, 65, and 67. Accordingly, a cylinder witii a smaller diameter is 
inserted into a cylinder with a l^ger diameter so that the cylinders 61, 63, 65, and 67 
can move within limited ranges. 

[0023] The flexible screw shaft 49 passes through the center of the cylinder 

assembly 47 so that the lower end of the flexible screw shaft is connected to the 
suction cup 23, and the upper end of the flexible screw shaft i? provided with the 
driven gear 53 driven by the driving gear 51 connected to the actuator 55. 
[0024] The flexible screw shaft 49 is moved vertically by driving gear 5 1 

and driven gear 53, which are driven by driving power generated from the actuator 
55, so that the cylinder assembly 47 can elongate or contract. Accordingly, the 
vertical position of the suction cup 23 in the Z axis direction can be adjusted by 
movement of the flexible screw shaft 49. 

[0025] Furthermore, the flexible screw shaft 49 has predetermined rigidity so 

as to support the load of the cylinder assembly 47 and work piece (not shown), and 
it also has predetermined elasticity so as to absorb an impact transferred from the 
suction cup 23. 

[0026] Furthermore, the support member 45 is provided with a guide pipe 59, 

which guides the protruding part of the flexible screw shaft 49 from the support 
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member 45 to prevent interference of the flexible screw shaft 49 with its 
surroundings. 

[0027] In order to prevent the interference, the guide pipe 59 is preferably 

configured to be curved to an angle of 90 degrees with respect to the suction cup end 
of the flexible screw shaft 49. 

[0028] Fiirthermore, the cylinder assembly 47 is preferably formed of an 

aluminum alloy so as to reduce the load applied to the flexible screw shaft 49. 
[0029] Furttiermore, the actuator 55 is preferably a motor, and the driving 

gear 51 is connected to an output shaft of the motor, which drives the driven gear 53. 
[0030] , The driven gear 53 is meshed with the driving gear 5 1 , and the 
flexible screw shaft 49 passes through the center of the driven gear 53. Accordingly, 
as the driven gear 53 is fixed with direction to Z-axis and rotates about the screw 
shaft 49, the screw shaft 49 moves up or down in accordance with the revolutionary 
direction of the driven gear 53. 

[003 1] As described above, the level-adjusting apparatus for an attachment 

according to this invention can adjust the vertical position of the suction cup in a 
manner such that the cylinder assembly can elongate or contract. Accordingly, the 
attachment having the level-adjusting apparatus can be used regardless of the shape 
of the work piece. 

[0032] While this invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 
understood that the invention is not limited to the disclosed embodiments, but, on 
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the contrary, is intended to cover various modijfications and equivalent airangements 
included within the spirit and scope of the appended claims. 
[0033] Throughout this specijBcation and the claims which follow, unless 

explicitly described to the contrary, the word "comprise" or variations such as 
"comprises" or "comprising" will be understood to imply the inclusion of stated 
elements but not the exclusion of any other elements. 
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